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(54) Motor assembly with reduction gear 

(57) A small motor reduction gear assembly has a 
reduction gear section 21 and a motor section 20. An 

output shaft 1 is offset in the direction toward a worm 3, 
making the offset distance slightly shorter than the nor- 
mal distance between the shafts of the worm 3 and the 
worm wheel 4, taking advantage of the resiliency of a 
cushioning member 12 housed in the reduction gear 



section worm wheel 4. An end bell 27 of the motor sec- 
tion 20 housing a shaft bearing 26 Is fitted into a cylin- 
drical part 9 provided on the reduction gear section gear 
case 7. A motor shaft guide 5 for reducing the deforma- 
tion of the motor shaft 6 is provided, and complementary 
ribs are provided on the worm wheel 4 and on the re- 
duction gear section gear case 7. 
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Description 

This invention relates to a motor assembly in which 
a small motor is coupled to a reduction gear. Such as- 
semblies have particular, but not exclusive, application 
in motor vehicles where they can be used to operate 
windows. 

In known motor assemblies of the kind to which this 
invention relates, a small electric motor has an extended 
shaft connected to a worm in the reduction gear section 
in mesh with a worm wheel which is itself coupled to the 
output shaft. Three bearings are used to support the 
shaft, two on the motor side and one in the reduction 
gear section. While this assembly can function quite sat- 
isfactorily, there do remain difficulties in ensuring relia- 
ble engagement between the worm and the worm 
wheel, and the shape of the motor shaft. The present 
invention seeks to address these problems. As in the 
prior art. a motor assembly according to the present In- 
vention comprises a small motor section coupled to a 
reduction gear section, with a motor shaft extending 
from the motor section and connected to a worm in the 
reduction gear section. A worm wheel is in mesh with 
the worm, and coupled to an output shaft. In a primary 
feature of the invention, the worm Is coupled to the out- 
put shaft via a cushioning member, and the output shaft 
is offset towards the axis of the worm. The cushioning 
member may be resiliently compressed between the 
worm and the worm wheel, and is typically housed within 
the kxxjy of the worm wheel. 

With the above assembly, the engagement between 
the worm and the worm wheel is improved, minimizing 
the risk of backlash, and also reducing torque transmis- 
sion losses and gear noise. It facilitates the production 
of a low-cost and high-precision motor assembly be- 
cause it enables proper alignment between the worm 
and worm wheel to be maintained automatically. Partic- 
ularly, it enables the worm wheel to be fitted after the 
motor section and worm have been assembled in the 
gear case without requiring strict dimensional accuracy 
of parts. 

In another aspect of the invention, a motor shaft 
guide is housed in the gear case of the reduction gear 
section, the gear case being fixabty attached to the mo- 
tor section. This provides additional support for the mo- 
tor shaft which typically extends from a bearing in an 
end bell of the motor section to a bearing at its distal end 
in the gear case. The shaft guide can be housed in a 
cylindrical part of the gear case, and this cylindrical part 
may itself receive a portion of the end bell in which the 
central motor shaft bearing is housed in the motor sec- 
tion. 

Preferred assemblies according to the invention In- 
cluding this feature include a shaft guide that opens to- 
wards the axis of the worm wheel, and has a predeter- 
mined length in the axial direction of the motor shaft to 
hold it from the other side. Typically, the shaft guide is 
located substantially equidistant between the central 
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bearing for the motor shaft and the worm. 

The use of a shaft guide as described above can 
ensure stable and positive engagement between the 
worm and worm wheel regardless of size of load, as the 
s motor shaft can be supported without any deflection 
caused by the radial forces generated by such engage- 
ment. At the same time, the motor section itself can be 
used and stocked as an independent unit. It will also be 
appreciated that this feature enables the use of slender 
motor shafts, and it also protects resin worm wheels 
from being damaged. It also facilitates the high precision 
assembly of the motor and reduction gear combination. 

In yet another feature of the invention, complemen- 
tary circular ribs are formed respectively on the reduc- 
tion gear section and the worm wheel. This provides ra- 
dial reinforcement relative to the axis of the worm wheel 
restricting translational movement of the worm wheel 
away from the worm. Typically, one of the circular ribs, 
usually the rib on the reduction gear section gear case, 
is discontinuous. A cushbning member can serve to 
urge the womi wheel into the gear case to ensure that 
the respective circular ribs are pivotally positioned rela- 
tive to one another. In any event, the ribs are preferably 
disposed as near as possible to the point at which the 
worm and worm wheel engage. 

This feature facilitates the design of the assembly 
particularly with regard to the spacing between the re- 
spective shafts of the womn and worm wheel as it can 
be based on the rib position, with smaller absolute 
measurements than in the prior art. 

From the above it will be appreciated that the inven- 
tion seeks to provide a motor assembly of the kind de- 
scribed which can reduce the module of the worm and 
worm wheel, and therefore the size of the entire assem- 
bly, while improving durability and reducing gear noise 
by improving the engaging accuracy of the worm and 
wheel. 

A motor assembly of known construction, and an 
embodiment of the invention, will now be described by 
way of example, and with reference to the accompany- 
ing schematic drawings, wherein: 

Figure 1 is a longitudinal sectional view of a small 
electric motor with reduction gear forming an as- 
sembly embodying this invention; 
Figure 2 is a cross-sectional view taken on line 1-1 
In Figure 1 ; 

Figure 3 shows an output plate, a worm wheel and 
a cushioning member of the motor assembly shown 
in Figure 1 ; 

Figure 4 is a detail view of the central bearing and 
motor shaft guide in the assembly of Figure 1 with 
a cross-sectional view taken substantially along line 
A-A; 

Figure 5 illustrates the gear engagement in the as- 
sembly of Figure 1 ; 

Figure 6 Is a longitudinal sectional view of a known 
assembly of a small electric motor and reduction 
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gear; 

Figure 7 is a cross-sectional view taken on line X- 
X in Figure 6, and 

Figure 8 illustrates the gear engagement in the as- 
sembly of Figure 6. ^ 

A conventional type of small motor with reduction 
gear will first be described with reference to Figures 6 
and 7 As shown, a small motor section 20 is assembled 
integrally with a reduction gear section 21. The motor 
section 20 comprises a rotor 22, a magnet 23. a com- 
mutator 24, brushes 25. two bearings 26, a motor case 
19, an end bell 27, and a motor shaft 6 extended from 
the motor inside to the outside. The reduction gear sec- 
tion 21 houses in a gear case 7 a worm 3 connected to 
the motor shaft 6, and a worm wheel 4 in mesh there- 
with. As shown in Figure 7, a cushioning member 12 Is 
housed in the worm wheel 4, and an output plate 1 3 and 
an output shaft 1 are connected to the worm wheel 4 via 
the cushioning member 12. The worm wheel 4 is thus 
centred and supported by the outer circumference of an 
output shaft bearing boss 2 of the gear case 7. In this 
type of assembly the motor section 20 is installed on 
the gear base 7 via mounting bolts 30. A total of three 
bearings 26 are required to support the rotating part of 
the motor section 20, two on the motor side and one on 
the side of the gear case 7. The bearing located at the 
centre in particular, is housed in the motor section end 
bell 27 which Is held between the motor section 20 and 
the reduction gear section 21. 

There have been some problems with assemblies 
of the kind described above. Firstly, the conventional 
construction inevitably involves some clearance (back- 
lash) due to aggravated dimensional accuracy (defor- 
mation) of parts and assembly errors, and misalignment 
of the worm and the worm wheel. This can lead to poor 
engagement between the worm and the worm wheel, 
which could in turn cause the difficulty In reducing the 
module of the worm and the worm wheel, increased 
torque transmission losses, increased gear wear, low- 
ered durability and increased gear noise. 

Secondly, the construction can provide insufficient 
strength In the motor section end bell 27 to hold the bear- 
ing 26, and lead to difficulty in preventing the motor shaft 
6 from being deformed particularly when a slender mo- 
tor shaft 6 is used. The deformation of the motor shaft 
6 subjected to a high load could aggravate the engage- 
ment between the womi 3 and the worm wheel 4. result- 
ing in damage to the worm wheel 4, particularly one 
made of a resin material. In addition, this known assem- 
bly has some limitation in maintaining accuracy in as- 
sembling the motor section 20 and the reduction gear 
section 21 . To meet this, a method of supporting a bear- 
ing provided at the centre of the motor shaft by the gear 
case has been proposed in Japanese published Utility 
f^odel Application No. Hei-4(1992)-5549. This proposal 
involves inserting the motor shaft into a metal ball send- 
ing as a bearing and press-fitting the worm gear to the 



motor shaft before the entire unit is assembled. The mo- 
tor section itself cannot be used as a small motor nor 
stocked as an independent unit. 

This type of motor assembly has the worm wheel 4 
orthogonally enmeshed with the worm 3. The distance 
between the shafts of the worm and the worm wheel, 
which is critical to ideal gear engagement, tends to be 
unstable due to variability in the dimensional accuracy 
of the gear case, variability in the dimenstonal accuracy 
of the worm wheel, and fluctuations in the clearance be- 
tween the worm wheel and the gear case bearing part. 
Where the reaction force exerted on the worm wheel is 
met only by the gear case bearing there is a risk of de- 
flection of the worm wheel when a load is applied, lead- 
ing to failure of ideal gear engagement. 

The small motor and reduction gear assembly 
shown in Figures 1 to 5 comprises a motor section 20 
and a reduction gear section 21 . The motor section 20 
itself is the same as that used in the known type shown 
in Figure 6, except for the constructbn of a bearing in 
an end bell the details of which are shown in Figure 4. 
The reduction gear section 21 houses a worm 3 con- 
nected to a motor shaft 6, a worm wheel 4 in mesh there- 
with, etc., in a gear case 7. As shown in Figure 2, a cush- 
ioning member 12 is housed in the worm wheel 4, which 
connects an output plate 1 3 and an output shaft 1 via 
the cushioning member 12. 

As indicated in Figure 1 , the output shaft 1 Is offset 
in the direction toward the worm 3, making the distance 
between the output shaft and the shaft of the worm 3 
slightly smaller than the normal distance between the 
shafts of the worm 3 and the worm wheel 4. In other 
words, the engagement between the worm wheel 4 and 
the worm 3 is improved by offsetting the output shaft 1 
in such a manner that the worm wheel 4 is urged onto 
the worm 3, taking advantage of the support by the re- 
siliency of the cushioning member 12. 

The worm wheel 4 Is housed in the gear case 7, and 
the cushioning member 1 2 is housed In the worm wheel 
4. as described above. The cushioning member 12 Is 
made of a resilient body, such as synthetic rubber. The 
rotation of the motor shaft 6 is transmitted to the output 
plate 13 connected via the cushioning member 12 and 
the output shaft 1 via the worm 3 and the worm wheel 
4. In other words, the transmission includes and relies 
on the resiliency of the cushioning member 12. In the 
embodiment described, the centre of the cover 11 and 
the gear case output shaft bearing boss 2. and therefore 
the centre of the output shaft 1 , is offset in the direction 
toward the worm 3, or in the upward direction in Figures 
1 and 2. making the distance between the output shaft 
1 and the shaft of the worm 3 slightly smaller than the 
normal distance between the shafts of the worm 3 and 
the worm wheel 4. Typically, this offset distance is ap- 
proximately 0.1mm compared with 29.5mm being the 
distance between the shafts of the worm 3 and 
the worm wheel 4. 

This arrangement, in which the worm wheel 4 is 
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supported by the resiliency of the cushioning member 
12 in such a nianner that the worm wheel 4 is forced to 
the worm 3, can eliminate tooth surface clearance 
(backlash) between the worm 3 and the worm wheel 4, 
leading to reduced torque transmission loss, improved 
durability and reduced gear noise. Further, it can provide 
a high-precision small motor with reduction gear at low 
cost because the worm 3 and the worm wheel 4 can be 
automatically aligned without requiring strict dimension- 
al accuracy of each part. The worm wheel 4 can also be 
assembled after the motor section and the worm have 
been fitted in the gear case. 

The assembly shown in Figures 1 to 5 has a total 
of three bearings, two on the side of the motor, and one 
on the side of the reduction gear. The construction of 
the central bearing can be improved by coaxially fitting 
the bearing 26 provided in an end bell of the motor sec- 
tion 20 to a cylindrical part 9 of the gear case 7 of the 
reduction gear section, and by providing a motor shaft 
guide to prevent the deformation of the motor shaft. 

As shown in Figure 1 , a flange part of the motor case 
1 9 and a side su rface of the gear case 7 are assembled 
integrally with mounting bolts 30. A portion 32 on which 
the bearing 26 In the end bell 27 is mounted is fixedly 
fitted into the cylindrical part 9 of the gear case 7. This 
reduces the deformation of the motor shaft, improves 
engagement between the worm 3 and the worm wheel 
4. reduces the risk that the worm wheel made of resin 
might be damaged, and enables easy and accurate as- 
sembly. As shown in detail in Figure 4, a motor shaft 
guide 5 is provided on the nrK)tor shaft 6 between the 
worm 3 and the bearing 26 in the end bell 27. The motor 
shaft guide has an opening 1 0 that opens downward, as 
shown, and a predetermined length in the axial direction 
to hold the motor shaft from above. With this construc- 
tion, any deformation of the motor shaft 6 caused by the 
reaction force generated by the wonm 3 and the worm 
wheel 4 under high load and restraint is minimised, and 
engagement between the worm 3 and the worm wheel 
4 is improved. Further, deformation of the motor shaft 
during the regular and reversed rotation of the worm 
wheel 4 can be minimised to substantially the same de- 
gree by installing the motor shaft guide 5 at a location 
that makes the distance p between the bearing 26 at an 
end of the motor shaft in the gear case and the worm 3 
almost equal to the distance a between the motor shaft 
guide 5 and the worm 3. 

The motor shaft guide 5 may be a sintered oil-im- 
pregnated bearing, or may be made of a resin material, 
such as polyacetal. The motor shaft guide 5 does not 
make sliding contact with the shaft under no load or low 
load, and performs the function of preventing the motor 
shaft from being deformed by the reactbn force caused 
by the worm 3 and the worm wheel 4 under high load 
and restraint. 

As shown in Figures, a continuous or discontinuous 
raised rib 17 around the rotating centre of the output 
shaft 1 is provided on the internal surface of the gear 



case 7, and a circular raised rib 16 is also provided on 
the surface of the worm wheel facing the rib 17. As the 
worm wheel 4 is caused to rotate by the worm 3 and 
receives a reaction force, the raised rib 16 is caused to 

s rotate while making sliding contact with the raised rib 
17. Both the raised ribs 16 and 17 are disposed at the 
nearest possible radial locations to the location at whk:h 
the worm 3 is in mesh with the worm wheel 4. 

With this construction, since dimensions requiring 

10 accuracy are X between the worm shaft centre and the 
rib in the gear case 7, and Y between the worm wheel 
tooth surface and the rib, control of accuracy Is relatively 
easy. In short, dimension X' from the output shaft centre 
to the worm shaft centre, and dimension Y' from the out- 

is put shaft centre to the worm wheel tooth surface (Figure 
8) have to be manufactured and assembled with high 
accuracy with the known construction having no raised 
ribs, while control of accuracy is easy with this invention 
because accuracy can be controlled with smaller abso- 

20 lute dimensions than those in the prior art. based on the 
rib position. 

As described above, the worm wheel 4 can be easily 
positioned in the axial direction of the output shaft be- 
cause a cushioning member provided between the 

25 worm wheel 4 and the output shaft 1 forces the worm 
wheel 4 onto the gear case 7 constituting the frame of 
the reduction gear section 21 . 

As described herein, this invention, in which en- 
gagement between the worm and the worm wheel is im- 

30 proved, makes it possible to attain high output that has 
not hitherto been obtained even with gears of a small 
module. In a typical embodiment of the invention the 
worm and worm wheel have a module of 0.5-0.7, a re- 
duction gear ratio of 65'-90, a pressure angle of 

35 11 "-20°, a contact ratio of 2.5-3.5, and a lead angle 
of 4'»-6^ 



Claims 

40 

1. A motor assembly comprising a small motor section 
(20) coupled to a reduction gear section (21 ) with a 
motor shaft (6) extending from the motor section 
(20) and connected to a worm (3) In the reduction 

45 gear section (21) ; and a worm wheel (4) in mesh 
with the worm (3) and coupled to an output shaft (1 ), 
characterized in that 

the worm wheel (4) is coupled to the output shaft 
(1) via a cushbning member (12), and the output 
so shaft (1 ) is offset towards the axis of the worm (3). 

2. An assembly according to Claim 1, wherein the 
cushioning member is resiliently compressed be- 
tween the output shaft (1 ) and the worm wheel (4). 

55 

3. An assembly according to Claim 1 or Claim 2, 
wherein the cushioning member (12) is housed in 
the worm wheel (4). 
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4. An assembly according to any preceding claim, in- 
cluding a motor shaft bearing (26) mounted in an 
end bell (27) in the motor section (20) and a motor 
shaft guide (5) between the end bell (27) and the 
worm (3) on the motor shaft (6), the shaft guide (5) 
being housed in a cylindrical part (9) of a gear case 
(7) in the reduction gear section (21 ), the gear case 
(7) being fixedly attached to the motor section (20). 

5. An assembly according to Claim 4, wherein a por- 
tion of the end bell (27) is fitted Into the cylindrical 
part (9) of the gear case (7). 

6. An assembly according to any preceding claim, 
wherein complementary circular ribs (17, 16) are 
formed respectively on the reduction gear section 
(21 ) and the worm wheel (4) whereby reaction forc- 
es generated by the intermesh radially relative to 
the axis of the worm wheel (4) are borne by the rib 
(17) on the reduction gear section (21). 

7. An assembly according to Claim 6, wherein one of 
the circular ribs is discontinuous. 

8. An assembly according to Claim 6 or Claim 7, 
wherein the worm wheel (4) is urged by the cush- 
ioning member (12) into a case (7) of the reduction 
gear section (21) positioned in the axial direction of 
the output shaft (1). 

9. A motor assembly comprising a small motor section 
(20) coupled to a reduction gear section (21 ) with a 
motor shaft (6) extending from the motor section 

(20) and connected to a worm (3) in the reduction 
gear section (21 ); and a worm wheel (4) in mesh 
with th e worm (3) and coupled to an output shaft (1 ), 
characterized In that 

the motor shaft (6) is supported in a bearing (26) 
mounted in an end bell (27) in the motor section (20) 
and a motor shaft guide (5) between the end bell 
(27) and the worm (3) on the motor shaft (6), the 
shaft guide (5) being housed in a cylindrical part (9) 
of a gear case (7) in the reduction gear section (21 ). 
the gear case (7) being fixedly attached to the motor 
section (20). 

10. An assembly according to Claim 9, wherein com- 
plementary circular ribs (1 7, 1 6) are formed respec- 
tively on the reduction gear section (21) and the 
worm wheel (4) whereby reaction forces generated 
by the intermesh radially relative to the axis of the 
worm wheel (4) are borne by the rib (17) on the re- 
duction gear section (21 ). 

11. An assembly according to Claim 10, wherein the 
worm wheel (4) is urged by a cushioning member 
(12) into a case (7) of the reduction gear section 

(21) positioned in the axial direction of the output 



shaft (1). 

12. An assembly according to any of Claims 9 to 11, 
wherein the distance between a bearing (26) at the 

5 distel end of the motor shaft (6) and the worm (3) is 
substantially equal to the distance between the 
shaft guide (5) and the worm (3). 

1 3. A motor assembly comprising a small motor section 
10 (20) coupled to a reduction gear section (21 ) with a 

motor shaft (6) extending from the motor section 

(20) and connected to a worm (3) in the reduction 
gear section (21); and a worm wheel (4) in mesh 
with the worm (3) and coupled to an output shaft (1 ), 

IS characterized in that 

complementary circular ribs (17, 16) are formed re- 
spectively on the reduction gear section (21) and 
the worm wheel (4) whereby reaction forces gener- 
ated by the intermesh radially relative to the axis of 

20 the worm wheel (4) are borne by the rib (17) on the 
reduction gear section (21). 

14. An assembly according to Claim 13, wherein the 
worm wheel (4) is urged by a cushioning member 

2S (1 2) into a case (7) of the reduction gear section 

(21) positioned in the axial direction of the output 
shaft (1). 

15. An assembly according to Claim 13 or Claim 14, 
30 wherein one of the circular ribs is discontinuous. 

16. An assembly according to any preceding claim, 
wherein the worm (3) and the worm wheel (4) have 
a module of 0.5 to 0.7, a reduction gear ratio of 65 

35 to 90, a pressure angle of 1 1 •* to 20°, a contact ratio 
of 2.5 to 3.5, and a lead angle of 4** to 6*". 
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(PRIOR ART) 
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